was determined by broth microdilution against 3,478 bacteria from 12 centers in Europe and Australia, with imipenem, cefepime, ceftriaxone, and piperacillin-tazobactam used as comparators. Ertapenem was the most active agent tested against members of the family Enterobacteriaceae, with MICs at which 90% of isolates are inhibited (MIC 90 s) of <1 g/ml for all species. Ertapenem also was more active than imipenem against fastidious gram-negative bacteria and Moraxella spp.; on the other hand, ertapenem was slightly less active than imipenem against streptococci, methicillin-susceptible staphylococci, and anaerobes, but its MIC 90 s for these groups remained <0.5 g/ml. Acinetobacter spp. and Pseudomonas aeruginosa were also much less susceptible to ertapenem than imipenem, and most Enterococcus faecalis strains were resistant. Ertapenem resistance, based on a provisional NCCLS MIC breakpoint of >16 g/ml, was seen in only 3 of 1,611 strains of the family Enterobacteriaceae tested, all of them Enterobacter aerogenes. Resistance was also seen in 2 of 135 anaerobes, comprising 1 Bacteroides fragilis strain and 1 Clostridium difficile strain. Ertapenem breakpoints for streptococci have not been established, but an unofficial susceptibility breakpoint of <2 g/ml was adopted for clinical trials to generate corresponding clinical response data for isolates for which MICs were as high as 2 g/ml. Of 234 Streptococcus pneumoniae strains tested, 2 required ertapenem MICs of 2 g/ml and one required an MIC of 4 g/ml, among 67 non-Streptococcus pyogenes, non-Streptococcus pneumoniae streptococci, single isolates required ertapenem MICs of 2 and 16 g/ml. These streptococci also had diminished susceptibilities to other ␤-lactams, including imipenem as well as ertapenem. The Etest and disk diffusion gave susceptibility test results in good agreement with those of the broth microdilution method for ertapenem.
The carbapenem antibiotics imipenem and meropenem have the broadest antibacterial spectra of all the ␤-lactams now available. Consistent resistance is seen only in cell wall-deficient organisms, slowly growing mycobacteria, Enterococcus faecium, methicillin-resistant staphylococci, and a few infrequent nonfermenters, notably Stenotrophomonas maltophilia and some flavobacteria. The carbapenems also are more stable than any available cephalosporin or penicillin to the AmpC and extended-spectrum ␤-lactamases (ESBLs) (6, 11, 12) .
These advantages make carbapenems an attractive class for further pharmaceutical development (6) , especially since strains that have ESBLs and that hyperproduce AmpC ␤-lactamases continue to accumulate in hospitals (11, 12, 18) and are beginning to be seen in nursing home patients (2, 18) , perhaps selected by community use of oral oxyimino-aminothiazolyl cephalosporins.
Ertapenem (MK-0826, L-749,345) is a novel carbapenem reported to have activity similar to that of meropenem against gram-positive bacteria, members of the family Enterobacteriaceae, and fastidious gram-negative bacteria but to be less active against Pseudomonas aeruginosa and Acinetobacter spp. (7, 10) . Like meropenem, but unlike imipenem, ertapenem has a 1-␤-methyl substituent and so does not require protection with an inhibitor of human renal dihydropeptidase I. Ertapen-em's most distinguishing feature among carbapenems is a serum half-life of 4 to 4.5 h, which should allow once-daily administration, as with ceftriaxone (8) . By contrast, imipenem and meropenem must be administered three or four times daily.
To assess its in vitro activity, ertapenem was tested against panels of 10 to 20 recent clinical isolates of important bacterial pathogens collected at each of 12 centers in Europe and Australia. The comparator drugs were piperacillin-tazobactam and cefepime, chosen as the broadest-spectrum penicillin and cephalosporin, respectively, together with imipenem as a reference carbapenem and ceftriaxone as the closest match to ertapenem in its pharmacokinetics and, potentially, patterns of clinical usage.
RESULTS
Comparative activity of ertapenem. The MIC results obtained with the preprepared dilution trays at the 12 centers are presented in Table 1 . The breakpoints used to estimate rates of resistance to established antibiotics among nonfastidious species are those advocated by the NCCLS (15, 16) . Provisional NCCLS MIC breakpoints for ertapenem against nonfastidious bacterial species are as follows: susceptible, Յ4 g/ml; intermediate, 8 g/ml; and resistant, Ն16 g/ml (NCCLS Summary Minutes, Meeting of Subcommittee on Antimicrobial Susceptibility Testing, Reston, Va., 7 to 9 June 1998, p. 15 to 16) and are identical to those for imipenem. No NCCLS breakpoints are yet established for ertapenem against streptococci or haemophili, but an unofficial susceptibility breakpoint of Յ2 g/ml was adopted for streptococci in clinical trials so as to generate corresponding clinical data for isolates for which MICs are as high as 2 g/ml.
Not all the centers tested their full complement of isolates, but in total, results for 3,478 isolates were available for analysis. Imipenem results for the Enterobacteriaceae panels at two centers were excluded on the ground that high rates of resistance were apparent by broth microdilution but were not confirmed by the Etest or disk diffusion. These centers also recorded imipenem MICs of 8 g/ml or more for E. coli ATCC 25922 with the microdilution panels, and it was concluded that the imipenem had deteriorated during transit or storage. Similar problems were not seen with the other panels at these centers, so data obtained with these were accepted.
Ertapenem was the most active agent tested against isolates of the family Enterobacteriaceae, with MICs at which 90% of isolates are inhibited (MIC 90 s) of 1 g/ml or less for all species. Imipenem also had good activity against these organisms, with MIC 90 s of 1 to 4 g/ml, except for Proteus, Morganella, and Providenica spp., for which MIC 90 s of 8 g/ml were recorded. Three carbapenem-resistant (MIC, Ն16 g/ml) isolates of the Enterobacteriaceae, all E. aerogenes, were found and are discussed below. Cefepime MIC 90 s were 1 to 4 g/ml for most groups of the Enterobacteriaceae, with the drug achieving activity similar to those of the carbapenems, but Enterobacter spp. were more resistant, with MIC 90 s of 16 g/ml. Ceftriaxone and piperacillin-tazobactam had low MIC 50 s for isolates of the Enterobacteriaceae, but MIC 90 s were raised for many species and groups, indicating inclusion of substantial minorities of resistant isolates.
Ertapenem was much less active than imipenem against Acinetobacter spp. and P. aeruginosa. In the case of Acinetobacter spp., this differential was obvious from the MIC 50 s: 0.5 g/ml for imipenem compared with 4 g/ml for ertapenem. In the case of P. aeruginosa, the differential was not evident from the MIC 50 s and MIC 90 s, which were 4 and 16 g/ml, respectively, for both carbapenems. Nevertheless a differential in antipseudomonal activity was evident from the MIC distributions (Fig. 1) ; moreover, 33% of the P. aeruginosa isolates required ertapenem MICs of Ն16 g/ml, whereas only 17% required imipenem MICs of Ն16 g/ml. Cefepime and piperacillin-tazobactam had low MIC 50 s (4 to 16 g/ml) for P. aeruginosa and Acinetobacter spp., but their MIC 90 s were high (64 to 256 g/ml), indicating that substantial minorities of isolates had greater levels of resistance. Ceftriaxone had pre- (14) (15) (16) , which were as follows: for nonfastidious species, cefepime, Ն32 g/ml; ceftriaxone Ն64 g/ml; ertapenem, Ն16 g/ml; imipenem, Ն16 g/ml; and piperacillin-tazobactam, 128 g/ml; and for streptococci, cefepime, Ն2 g/ml; ceftriaxone, Ն2 g/ml; and imipenem, 1 g/ml. and streptococci, but its MIC 90 s for these groups of organisms were less than 1 g/ml. A higher MIC 90 was recorded for coagulase-negative staphylococci, in which the study population included methicillin-resistant strains, than for methicillinsusceptible S. aureus. The cephalosporins and piperacillin-tazobactam had activities similar to those of the carbapenems against streptococci or were slightly less active but were 4-to 32-fold less active against staphylococci. The MIC distributions of all the antibiotics were wide for all streptococci except S. pyogenes, and small minorities of isolates had resistance or greatly diminished susceptibility. Thus, the MICs of imipenem and ertapenem ranged up to 4 g/ml for S. pneumoniae and to 16 g/ml for a single Streptococcus sp. isolate (see below). Most E. faecalis isolates had low-level resistance to ertapenem; thus, MIC 50 s and MIC 90 s of 16 g/ml were recorded for the species, whereas the MIC 50 and MIC 90 of imipenem were 2 and 4 g/ml, respectively. Imipenem and ertapenem were both strongly active against anaerobes, with MIC 90 s of 2 g/ml or less and with imipenem being the slightly more active compound. Piperacillin-tazobactam also had good activity against anaerobes, whereas both cephalosporins had poor activity against B. fragilis and some clostridia. Ertapenem-and imipenem-resistant isolates. Although ertapenem was strongly active against most isolates of the Enterobacteriaceae fastidious gram-negative bacteria, anaerobes, and gram-positive cocci, a few members of these groups had resistance or reduced susceptibility (Table 2) . Among the 1,611 isolates in the family Enterobacteriaceae tested, 3 isolates, all E. aerogenes, were resistant to both ertapenem and imipenem, with MICs of Ն16 g/ml found by broth microdilution test and confirmed (Ϯ1 dilution) by the Etest (Table 2) . Of these three isolates, one was from Greece, one was from the United Kingdom, and one was from Belgium. No other isolate of the Enterobacteriaceae was confirmed to be resistant to either ertapenem or imipenem. Among the anaerobes, one B. fragilis isolate was resistant to ertapenem and to all the comparator drugs, and one C. difficile isolate was cross-resistant by the broth dilution test to ertapenem and the cephalosporins but not to imipenem or piperacillin-tazobactam. The results for streptococci for which ertapenem MICs were Ն2 g/ml by the broth dilution tests are also included in Table 2 , although no ertapenem breakpoint is yet established for these organisms. Two isolates of Streptococcus spp. (of 67 tested) required ertapenem MICs of 2 and 16 g/ml, respectively, and 3 S. pneumoniae isolates (of 234 tested) required ertapenem MICs of 2 g/ml (2 isolates) and 4 g/ml (1 isolate). These five streptococci were resistant to the comparator antibiotics or had diminished susceptibility relative to the MIC 50 s, but ertapenem MICs of Ն2 g/ml were confirmed by the Etest for only two of the five isolates. Agreement of MICs determined by the Etest and broth microdilution. Ertapenem MICs were determined by the Etest as well as by broth microdilution for 2,674 isolates. For 2,162 (80.8%) of these organisms, the MICs were within 1 dilution of those obtained by broth microdilution (Table 3) ; for a further 323 (12.1%), the MICs found by the Etest diverged from those obtained by broth microdilution by 2 dilutions. The number of instances in which the Etest indicated an MIC more than 1 dilution above that indicated by broth microdilution (n ϭ 259) almost exactly equaled those in which the Etest gave a value more than 1 dilution below that given by broth microdilution (n ϭ 253). In the case of imipenem (data not shown), 2,478 isolates were tested by broth microdilution and the Etest. In 1,889 cases (76.2%), the MIC results by the two methods agreed within 1 dilution and, in a further 405 cases (16.3%), they agreed within 2 dilutions. Cases in which the Etest gave MICs more than 1 dilution above those given by broth microdilution (n ϭ 337) outnumbered those in which the Etest gave a result more than 1 dilution below that given by broth microdilution (n ϭ 252).
The agreement between broth dilution and Etest across the range of MICs was assessed by calculation of a weighted kappa statistic (). Although a simple is designed for nominal classifications, the measure of weighted uses weights to account for the differences in ordered categories. Values of and the corresponding 95% confidence intervals bound for ertapenem were as follows: all bacteria, 0. Agreement of broth microdilution and disk diffusion. Diffusion tests with 10-g disks of ertapenem and imipenem were performed for all the nonfastidious isolates, and the relationships between the inhibition zones and the MICs found by broth microdilution for ertapenem are shown in Fig. 2 . The provisional zone diameter breakpoints proposed for ertapenem are as follows: susceptible, Ն16 mm; intermediate, 13 to 15 mm; and resistant, Յ12 mm (7). These have been approved by the NCCLS to guide therapy in phase II and III trials (NCCLS Summary Minutes Meeting of Subcommittee on Antimicrobial Susceptibility Testing, Reston, Va., 7 to 9 June 1998, p. [15] [16] . On this basis and on the basis of counting MICs of 8 mg/ml as intermediate, the proportions of very major errors (resistant isolates found to be susceptible in diffusion tests) were 0.77% for ertapenem and 1.5% for imipenem, and the proportions of major errors (susceptible isolates found to be resistant in diffusion tests) were 0.48% for ertapenem and 0.15% for imipenem. Proportions of minor errors (isolates found to be intermediate by one method but resistant or susceptible by the other) were 3.49% for ertapenem and 3.16% for imipenem.
DISCUSSION
The present study examined the in vitro susceptibilities of a wide range of bacterial isolates collected in Europe and Australia to ertapenem and comparator drugs. Susceptibility was assessed against NCCLS breakpoints. Provisional interpretive criteria (7; NCCLS Summary Minutes, meeting of Subcommittee on Antimicrobial Susceptibility Testing, Reston, Va., 7 to 9 June 1998, p. 15-16) for ertapenem against nonfastidious species are as follows for dilution tests and diffusion tests, respectively: susceptible, Յ4 g/ml and Ն16 mm; intermediate, 8 g/ml and 13 to 15 mm; and resistant, Ն16 g/ml and Յ12 mm. (4) . Ertapenem and imipenem were the most active antibiotics tested in this study, which examined 3,478 recent clinical isolates from Europe and Australia. Ertapenem had greater activity than imipenem against members of the family Enterobacteriaceae and Moraxella, Neisseria, and Haemophilus spp., with MIC 50 s and MIC 90 s 2-and 128-fold, respectively below those of the earlier carbapenem. This gain in activity over imipenem is similar to that seen for meropenem (9) . Ertapenem had activity similar to that of imipenem against anaerobes, streptococci, and staphylococci or was slightly less active than imipenem. This differential seems unlikely to be consequential since the MICs of both compounds were considerably below the likely resistance breakpoints. Ertapenem was also less active than imipenem against P. aeruginosa and Acinetobacter spp., and this differential, although small in biological terms, led to substantially higher rates of resistance to the newer carbapenem. The only gram-negative bacteria that were consistently more susceptible to the cephalosporins than to either ertapenem or imipenem were Aeromonas spp. These organisms frequently produce chromosomally determined zinc carbapenemases, which might be expected to hydrolyze ertapenem (20, 23) . The patterns of activity for ertapenem found here against isolates from Europe and Australia resemble those reported for bacteria collected in the United States (7, 10) .
Resistance mechanisms were not characterized, and several of the authors believe that several NCCLS breakpoints used in this analysis may underestimate the biological resistance caused by, e.g., ESBLs. The high rate of ceftriaxone resistance among isolates of the genus Enterobacter nevertheless implies the inclusion of many organisms that hyperproduced their AmpC ␤-lactamases. Similarly, the wide ranges of MICs of the cephalosporins for K. pneumoniae suggest that a few strains of this species had ESBLs, although this proportion cannot have been large in view of the low MIC 90 s (1 g/ml) of cefepime and ceftriaxone. Ertapenem, like imipenem, retained activity against most organisms inferred to have such enzymes, suggesting stability to critical ␤-lactamases. This inference is supported by direct studies on producers of enzymes that have been characterized (D. M. Livermore et al., unpublished observations). Nevertheless, ertapenem-resistant isolates were found. Resistance in a single isolate of B. fragilis is unsurprising since a few members of this species produce the CcrA (CfiA) enzyme, a metallo-␤-lactamase which hydrolyzes carbapenems (20, 21, 24) . Likewise, it was unsurprising to find reduced susceptibility to ertapenem in streptococci with resistance to other ␤-lactams. ␤-Lactam resistance in members of this genus entails changes to penicillin-binding proteins, and these typically affect the activities of all ␤-lactams to some degree (22) . Results from clinical trials with ertapenem for the treatment of pneumococcal infections showed favorable clinical and bacteriological responses even for organisms for which MICs were 2 to 4 g/ml (Merck Research Laboratories, data on file), albeit on the basis of the results for only a small number of patients.
More surprising was the finding of three E. aerogenes isolates that were resistant to ertapenem and imipenem. Resistance to carbapenems remains extremely rare in members of the family Enterobacteriaceae (11, 12) , and although reports of acquired carbapenemases in gram-negative bacilli are now accumulating, these mostly concern Pseudomonas and Acinetobacter spp. (13) . Nevertheless, a very broad spectrum resistance to ␤-lactams, compromising carbapenems as well as other ␤-lactams, arises if hyperproduction of an AmpC ␤-lactamase or an ESBL is accompanied by porin loss in E. aerogenes (1, 3, 19) . These combinations of mechanisms have been seen in representatives of major epidemic strains of E. aerogenes, notably in Belgium and France (1, 3, 5) . It may be that such organisms were included in the present collection, but it remains possible that the present isolates had other resistance mechanisms, such as metallo-␤-lactamases.
Broth microdilution was the reference method of susceptibility testing, but the Etest and disk diffusion assays were also evaluated and found to give results in good agreement with those of the reference method. With disk diffusion tests and zone criteria (7) of Ն16 mm for susceptible; 13 to 15 mm for intermediate, and Յ12 mm for resistant, the proportions of very major, major, and minor errors were small, were similar for both ertapenem and imipenem, and were well within acceptable NCCLS guidelines (17) .
In summary, the data presented here reveal that ertapenem has potent broad-spectrum activity against most common bacterial pathogens except nonfermenters, Aeromonas spp., and enterococci. The spectrum of microbiological activity of ertapenem is slightly more focused compared to those of imipenem and meropenem, with very little or significantly reduced in vitro activity against enterococci, Acinetobacter spp., and P. aeruginosa.
